The influence of a number of variables on the paper chromatographic behaviour of eight enzymes (proteinase, amylase, catalase, esterase, acid phosphatase, p-nitrophenyl-,8-glucosidase, salicinase, and sucrase) present in the culture filtrate of A. oryzae has been investigated. The solvent s)'Stems used were mixtures of aqueous buffers and organic liquids. The nature and concentration of both the organic liquid and the buffer, pH, and the solute concentration strongly influence the results.
I. INTRODUCTION
The notes published by Reid (1950 Reid ( , 1951 , Giri and Prasad (1951a, 1951b) , and Cabib (1951) , together with the more detailed papers of Simonart and Kwang Yii Chow (1951) , Giri et aI. (1952) , and Cabib (1952) have explored various aspects of the paper chromatography of enzymes. Almost without exception these authors have devoted some part of their study to the separation of fungal enzymes. The high solubility under diverse conditions and resistance to denaturation of these enzymes make them very suitable subjects for chromatographic experiments. It has already been shown in this laboratory by the technique of filter-paper electrophoresis that many of the enzymes of A. oryzae consist of multiple components (Gillespie, Jermyn, and Woods 1952; Jermyn 1952b) and it seemed of interest to confirm these conclusions by another technique. Many types of solvent system are possible for the paper chromatography of enzymes; results using widely divergent systems would be almost impossible to correlate. Attention has therefore been concentrated on the systems containing water and an organic liquid which were first mentioned by Reid (1950) .
II. EXPERIMENTAL ( a) "Mould Enzyme"
The same batch of A. oryzae enzyme was used as in preceding papers (Jermyn 1952a (Jermyn , 1952b . It was not identical with that used by Gillespie and Woods (1952) , who have observed considerable variation between batches of the material.
(b) Paper Chromatography An all-glass apparatus for descending chromatography was used. The solvent mixture was poured into both the bottom of the tank and the solvent trough and the whole allowed to equilibrate for some hours. Identical composition of both lots of solvent was found to be extremely important in obtainirig reproducible results. Whatman No. 54 paper was used throughout this study in a standard strip of 46 by 15 cm. Enzyme solutions were spotted along a line 7.5 cm. from the top of the strip, which was air-dried for 15 min. and transferred to the tank for development. On completion of development the strip was removed from the tank, dried at room temperature in a rapid current of air for 15-30 min., and kept in a deep-freeze unit at -20°C. till required. It was found that all enzymes studied could be held at this temperature overnight without losing much activity.
( c) Detection of Enzymes Reid (1950) and Giri and Prasad (1951a) have used the agar-plate method for detecting the position of enzyme proteins. It appeared more satisfactory to follow Simonart and Kwang Yii Chow (1951) and Cabib (1951 Cabib ( , 1952 in allowing the enzyme to react with its substrate on the paper strip as a method detecting it. By suitable choice of substrate the tedious incubation period necessary in the agar-plate method can be avoided. Diffusion and other effects can blur apparent separations and cause distortion of spots if long incubation periods are employed for the direct reaction on paper; the methods used have therefore been chosen to give a maximum chromogenic effect in 30-60 min.
Reagents were uniformly applied to the paper with a fine spray. Where the reagent had difficulty in penetrating evenly, as with starch and azocasein solutions, the paper was sprayed rather more lightly back and front. The mean optimum pH for the action of most of the A. oryzae enzymes being known, the pH of the reagent spray was so adjusted that the pH of an extract of the paper after a test spraying was in the correct range. This often necessitated the use of rather concentrated buffers, but checking revealed that the activity of none of the enzymes studied was markedly affected by the ionic strength of the medium.
The average laboratory temperature during the course of the experimental work was 22-25°C. and it was found that the most satisfactory method of incubation was simply.to lay the sprayed strips horizontally on clean, non-adsorbent paper for 30-60 min. Hanging the strips in a humidity chamber did not lead to a marked improvement of results. Raising the temperature of incubation led to marked over-development unless very short incubation periods were used; it then became correspondingly difficult to stop the enzymic reaction at intermediate stages. Inactivation of the enzyme was the limiting factor in any attempt to overcome these difficulties by reducing the concentration at which the enzyme was applied to the paper. The conditions of enzyme and reagent concentration used for any enzyme are those that have been found empirically to give ease of handling and minimum sensitivity to small changes in conditions.
( d) Enzyme Reagents
Eight enzymes of A. oryzae have been used in this study. An outline of the conditions for the detection of each enzyine is given below.
(i) p-Nitrophenyl-f3-g1ucosidase.-Preparation of the p-nitrophenyl-f3-ghicoside reagent has been previously described (Jermyn 1952b) .
(ii) Salicinase.-The spraying reagent was 1 per cent. salicin solution buffered so that the final pH on the paper was about 5.0. After incubation the paper was dried at 105°e. and sprayed with 0.1 per cent. p-anisidine hydrochloride in ethanol. On heating at 105°C. the areas where glucose had been liberated by enzymic reaction appeared as yellow to brown with a bright green fluorescence under the ultraviolet lamp (Hough, Jones, and Wadman 1950) . This reagent was scarcely affected by non-reducing glucosides or proteins.
(iii) Sucrase.-As for salicinase except that the spraying reagent was 1 per cent. sucrose solution.
(iv) Amylase.-The paper was sprayed with 0.5 per cent. starch solution buffered to give a final pH of 6.0 and after incubation dried at 105°e. The starch was found to be strongly adsorbed on the paper and the enzyme could be detected as colourless to violet areas against a blue-black background by passing through a bath of 0.005N iodine and blotting.
(v) Catalase.-The paper was sprayed with 0.5 per cent. hydrogen peroxide solution, and after 20 min. sprayed again with the ferric chlQride-ferricyanide reagent of Feigl and Frankel (1932) . Catalase appeared as yellowish white areas against a bright blue background. This test failed in the presence of phosphate.
(vi) Acid Phosphatase.-The paper was sprayed with a saturated solution of calcium phenolphthalein phosphate in acetate buffer adjusted to give a final pH on the paper of 5.0. After incubation the paper was sprayed with 5 per cent. trisodium phosphate solution. This maintained an alkaline reaction on the paper for long periods, showing the presence of acid phosphatase as a pink area on a white background.
( vii) Proteinase.-The modified Gram-staining method of Simonart and K wang Yii Chow (1951) gave very low contrast between areas where the A. oryzae proteinase was present and absent. The azoproteins and in particular the azocaseins which have been recommended for the estimation of proteinase (Charney and Tomarelli 1947) appeared to be more promising substrates. Those in common use give their maximum colour at an alkaline reaction and on paper the coloured alkalized proteins are subject to fading and discoloration. A satisfactory substrate was found in p-dimethylaminobenzene azocasein. This substance shows a bright purple-red colour in acid solution and on precipitation with acid reagents, which is much more intense than the brownish colour in alkaline solutions. It has two solubility ranges-between pH 1.0 and 4.0 and abo~e 6.0-and is thus a suitable substrate for pepsin. The properties of certain azocaseins investigated are summarized in Table 1 . It appears that an ionizable substituent in the aromatic ring confers acid solubility on an azocasein; if this substituent is a basic group the colour is more intense in acid than in alkaline solution.
The spraying reagent used was a 2.5 per cent. solution of p-dimethylaminobenzene azocasein adjusted to give a final pH of 7.0 or 1.5 (pepsin). After incubation the paper was passed through a bath of 10 per cent. trichloracetic acid and then washed for 30 min. in running tap water (pH c. 7). The proteinase was revealed as white areas on a pink background.
(viii) Esterase.-Included here are those enzymes only which will hydrolyse p-nitrophenyl acetate; other more specific enzymes if present were not studied. The p-nitrophenyl acetate (0.01 per cent. in 20 per cent. ethanol buffered to give a final pH of 7.0) was at first used itself as the spraying reagent but spontaneous breakdown on the paper gave rise to a high level of background colour. Acetyl derivatives of phthaleins were found to be much more satisfactory substrates; comparative tests with the two reagents showed an identical pattern of esterase distribution. The preferred reagent was a 0.01 per cent. solution of diacetyl fluorescein in 50 per cent. acetone buffered to give a pH of 5-7 on the paper. The acetone evaporated sufficiently rapidly not to interfere with the enzyme action, which could be followed under the ultraviolet lamp by the development of fluorescent areas. The acetyl derivatives of phenolphthalein (pink areas after brief exposure to ammonia vapour), metacresol purple, and chlorphenol red were also satisfactory, although less sensitive, substrates. The substitution of both positions ortho to the acetoxyl groups gave substances unaffected by the enzyme, the acetyl derivatives of eosin and bromphenol blue, for instance, being ineffective as substrates.
III. CHROMATOGRAPHY OF THE A. ORYZAE ENZYMES

(a) Flow of Various Solvents Down the Paper
It is generally agreed that the attainment of equilibrium between paper and solvent before the start of development is necessary for reproducible results (see Smith 1952 for a summary). In the present study, however, long equili-• brium periods led to inactivation of the enzymes spotted on the paper. The differential volatility of the constituents of the solvent system used meant that the paper could not be soaked in the solvent before use. In these circumstances, acceptance of incomplete equilibration offers the only prospect of reproducible results.
Mixtures of ethanol or acetone with buffers were allowed to travel a certain distance down the paper, the apparent solvent front marked, and the paper dried and sprayed with an indicator solution. It was found that there was a sharp boundary between two regions of different pH. The factors determining the position and nature of this boundary were:
(i) Concentration of Buffer.-A solvent containing 40 per cent. acetone and 60 per cent. of O.IM acetate buffer of pH 5.0 gives two regions; if the solvent is allowed to flow 20 cm. past the starting line, the boundary is 15 em. in advance of the line. When this solvent is modified by decreasing the concentration of buffer, the boundary approaches the solvent front, coinciding with it at about 0.02M.
(ii) Concentration of Organic Component.-In general, the higher the proportion of this component, the lower the buffer concentration needed to produce the boundary phenomenon.
(iii) Nature of the Buffer.-In general, the pH of the region nearest the solvent front is more acid if the "organic" component of the buffer is acid and more basic if the "organic" component is basic. These conditions are attained for example with acetate and aniline buffers respectively. Inorganic buffers such as phosphate do not produce the double front phenomenon so readily as organic buffers.
Another phenomenon that can be demonstrated when the results of experiments on enzyme travel are· considered is the existence of a third region in front of the apparent solvent front. When the distance of solvent travel is 20 cm., enzyme spots can be located in positions up to 10 cm. in front of the apparent solvent front. The tendency for spots to appear in this position is greater at lower pH values and depends on the enzyme studied; it is evidence for the existence of an invisible flow of liquid through the paper ahead of the apparent solvent front. Rp values greater than 1.0 have been noted when ionic solutes are being separated on paper with water-miscible solvents (Lederer 1950) and show that no simple picture of the processes involved in paper chromatography is adequate. Reid (1951) speaks of enzymes travelling at "water" and "solvent" fronts; the phenomena indicated are apparently counterparts of those discussed above.
(b) Behaviour of Enzymes as Solutes
(i) General.-It was at once established that the enzyme proteins of A. oryzae move on the paper under the general conditions set out in the experimental section. The enzyme spots may be immobile, move in the solvent front or the "false front" (boundary between the two regions of qifferent pH), or occupy various intermediate positions.
Where an enzyme neither remained at the starting line nor moved in one of the fronts it was found that as the solvent front advanced the enzyme spot lagged further and further behind the front until it was a certain definite distance behind, in which position it remained during further development. When the solvent front had travelled 20 em., the enzyme spots had usually attained maximum distance behind the front and this distance was chosen as a standard distance of travel. In practice a second line was ruled 20 cm. in advance of the starting line and the paper removed when the solvent had reached this second line. When solvents containing low concentrations of acetone are employed, there is a strong tendency for the bulk of the protein present to be carried in the advancing liquid front; at higher concentrations it tends to be carried in the "false front," in cases where this is formed. Under any given conditions of pH and concentration of the buffer, a number of different enzymes are found to travel the same distance down the paper; the position they occupy is found to be identical with that of the bulk of the protein (located by bromphenol blue staining). The frequency of this identification varies from enzyme to enzyme. The position of the main protease component for instance almost always coincides with the "protein spot"; the esterases are almost always distinct.
(ii) Inactivation and the Effect of Temperature.-As a dry powder, the A. oryzae enzyme mixture is stable indefinitely at room temperature. ·When dried out of solution on filter paper it is, however, extremely unstable; the activity of most of the enzymes begins to decrease markedly after 30 min. at room temperature (20°C.) and although they can be preserved for 24 hr. at -20°C. some loss of activity is detectable. The periods of handling and incubation of the enzymes on the paper were kept to a minimum and the main effects of denaturation therefore occurred during the actual development period.
The A. oryzae enzymes in solution are relatively resistant to changes in temperature, and the same results were obtained with otherwise identical chromatograms developed at temperatures between 1°C. and 30°e. In view of these facts no attempt was made to control temperature during these experiments, which were carried out at room temperature with the tank atmosphere saturated at the temperature employed.
( c ) Variation of the Organic Component
The requirements for the organic component limit the choice to a relatively few substances. It must be readily volatile to avoid prolonged drying periods; neutral (pyridine and acetic acid at useful concentrations produced complete denaturation of all enzymes tested); relatively non-viscous to avoid prolonged development; miscible with water over a wide range of concentrations; and relatively inexpensive.
It is impracticable to check possible compounds under all conditions. Table  2 shows the effect of a number of organic solvents in admixture with O.lM acetate buffer of pH 5.0 on the travel of three enzymes. It is uncertain on what"basis various organic liquids ought to be compared; in Table 2 they have been compared at the same mole fraction (that of 40 per cent. acetone).
It appears that acetone and methanol are most satisfactory for the purpose and this appears to be true for conditions other than those listed in the table. For many separations of non-enzymic proteins where inactivation is not so im-portant and longer development times are possible, tert-butyl alcohol is a satisfactory solvent.
The rest of the work reported in this paper has been carried out using acetone as solvent. Table 3 are listed the effects of variation in buffer on the separation of eight enzymes under a single set of conditions. Only two types of buffers-Na+/(AH + A-) and (B + BH+)/CI--were studied, so that effects due to changes in ions other than the buffering species were eliminated. Table 4 shows the effect of varying the concentration of acetate buffer of pH 5.0 admixed with 40 per cent. of acetone between 1.0 and 0.002M.
( e) Variation of Buffer Strength
The increasing definition of the spots with decreasing molarity of buffer cannot be extrapolated to extremely low concentrations. 'i\!hen a mixture of acetone and distilled water was used as the developing solvent, the sole ions in the medium coming from those present in the crude enzyme solution (pH 6), the spots became very diffuse and streaky. If the solution of crude enzyme was replaced by one made from a sample of enzyme which had been deionized by passing it through an ion-exchange column, the various enzymes appeared as streaks extending from the starting line to the solvent front.
(f) Variation of Enzyme Concentration
The effect of variation in the concentration of solute is shown schematically in Plate 1 for an enzyme preparation having a single component and for one having two components. It is noteworthy that the position of the enzyme front remains practically constant and that the enzyme concentration controls the amount of tailing. However, it is not always possible to resolve an enzyme which appears after development as a long trail into a discrete spot or spots by reducing the concentration at which it is applied to the paper. Under unfav-. ourable conditions the enzyme will remain as a streak down to the limits of detection.
It is important to note that the streaking effect is never entirely eliminated. Experiments with the ,a-glucosidase and esterase, where the colour is released directly by the enzyme, show discrete centres of colour appearing on incubation which are later linked by a diffuse trail. When conditions are such that the small amounts of enzyme responsible for these trails are inactivated, the residual enzyme is detected as sharply outlined spots. This type of effect is particularly noticeable with horse-radish peroxidase (Jermyn 1952c) . Suitable concentrations for the application of given enzymes were determined by trial and error and often had to be further modified after changing the conditions of development.
(g) Variation of pH and of Concentration of the Organic Component
The effect of varying these two factors was checked for six enzymes in a single series of experiments. The results are tabulated in Table 5 .
Two of the A. oryzae enzymes (catalase and acid phosphatase) could not be detected after development with solvents containing the citrate-phosphate buffer. In Table 6 are tabulated the effects on these two enzymes of gradually increasing the concentration of acetone in admixture with acetate buffer.
( h) Other Factors
The A. oryzae enzyme solutions were always applied in such a way as to give a round spot of 1 cm. final diameter. None the less the shape of the final spot of enzyme after development was often characteristic. Catalase gave a heart-shaped spot with the point directed backwards. In certain solvents favouring denaturation of the catalase the spot appeared as two streaks parallel to the direction of solvent flow with a clear space between them. The acid phosphatase spot was always very small and showed no evidence of lateral diffusion; unfavourable solvent systems changed it into a streak no more than 2 mm. wide. These appearances can be correlated with the distribution of the enzyme in the original spot-acid phosphatase being adsorbed on the paper at the actual point of application, and catalase being carried out to the boundary of the expanding spot. Careful spraying of spots of enzyme solution freshly applied to the paper confirmed this hypothesis. Cabib (1952) , who tested the behaviour of purified serum albumin and globulin and mixtures of the two using ethanol-buffer solution mixtures as chromatographic solvents, found that the two proteins behaved differently according to whether they were separate or mixed. No trace of this effect has been detected with the enzyme proteins of A. oryzae. Various fractions have been tested in which certain of the enzymes have been concentrated and others partially removed (Jermyn 1952b) but without effect on the chromatographic behaviour of the enzymes.
IV. CHROMATOGRAPHY OF ENZYMES FROM OrnER SOURCES
A series of enzymes with the same general activities as some of those present in A. oryzae were tested under the conditions that had proved most successful for separation of the corresponding A. oryzae enzyme into more than one com-ponent. The solutions of enzyme were initially made up to the same nominal concentration that had been used for the A. oryzae enzyme and then suitably diluted if necessary to give discrete spots on chromatography. The enzymes were mostly samples from the laboratory shelves of unknown age and history. Their "solutions" were centrifuged to remove insoluble material. The results are summarized in Table 7 . 
V. QUANTITATIVE DETERMINATION OF ENZYME DISTRIBUTION
To check the view that the multiple enzyme spots observed correspond to a real distribution of enzymes and are not artifacts of spraying, developed strips were cut into 1 cm. widths and the distribution of enzyme down the paper estimated directly. The ;esults are shown in Figure 1 . 
VI. CONCLUSIONS
The conclusions emerging from the experimental portion of this paper may profitably be summarized (Table 8 ) before proceeding to discuss them.
Other conclusions may be drawn as follows: ( a) All the factors listed in Table 8 interact so that the pattern of enzyme behaviour cannot be accurately predicted in a new environment.
(b) Each enzyme behaves as an independent species.
( c) Where an enzyme activity is the sum of the activity of several components there are gradations in behaviour between cases where the properties of these components are as widely different as those of unrelated enzymes (esterase) and cases where their properties are so similar that only occasionally are separations possible. These conclusions apply only to the peculiar conditions of paper chromatography.
(d) The concept of an absolute RJ<' value has no validity b the type of system studied in this paper.
( e) The results are reproducible. 
(a) General
Acid Phosphatase 18-21 15-16,5 -3-2 -3-1 It now seems established that when suitable solvent systems are used enzyme proteins will serve as solutes for conventional paper chromatography. Too few results are as yet available to allow valid generalizations to be drawn and the results of this and other papers cannot be properly compared. Giri et al. (1952) have shown profound species differences in what is nominally the same enzyme, e.g. they showed that rat and human serum phosphatases differed chromatographically from chick serum phosphatase. It seems probable that enzymes of different specificity from one source, for instance exo-enzymes of a fungus, may be more nearly related in the relevant physical properties than enzymes of the same activity from different sources.
The theory and general application of precipitating solvents of the organic liquid-aqueous buffer type to the differential separation of proteins have been given by Cohn et al. (1950) . The factors they find to be important-pH, ionic strength, nature of the buffering ion, concentration of the organic componentare equally important in paper chromatography with these solvents. Their conditions for minimum solubility at a given concentration of the organic com· ponent are a low but definite ionic strength, a definite pH, and the presence of given ions. In paper chromatography these are the conditions not for miriimum distance of travel, but for maximum definition of enzyme spots and sharpness of separation of multiple components. It is only under conditions defined by a certain set of values that given enzyme proteins will have the sharply individual physical properties on which the adsorption-partition mechanism can operate to give differential behaviour. The adsorption-partition mechanism is itself governed by pH, ionic strength, solvent concentration, and other factors.
In view of the importance of the pH of a precipitating solvent, it is surprising that a study of its influence has so far been neglected by workers on the paper chromatography of enzymes. Cabib (1951) , who used phosphate buffers of pH 7, stated that the pH of the buffer had no influence on the results. Other workers have claimed satisfactory results using water-acetone mixtures quite unbuffered. It is riot possible at present to reconcile this behaviour with that of the A. oryzae enzymes. These enzymes vary in the degree to which their behaviour changes with change of pH; the yeast enzymes of Cabib (invertase and phosphoglucomutase) may have been relatively indifferent to pH. The enzyme preparations of other workers may may have contained enough salts to give an ionic strength where well-defined enzyme spots would appear after development. Reid (1951) has contested the movement of enzyme spots in solvents containing more than 40 per cent. acetone. The results of the present paper confirm the report of Giri and Prasad (1951a) that solvents containing more than 40 per cent. acetone are effective. With catalase there is even some movement in 90 per cent. acetone.
Two further points of disagreement with other workers are that distance of travel does not fall off with increasing concentration of the enzyme (Giri et al. 1952) and that there is no sign of interaction between proteins (Cabib 1951 (Cabib , 1952 . The observations of J ennyn (1952b) on the similar chromatographic behaviour of the p-nitrophenyl-,B-glucosidases in both crude and purified enzyme material were confirmed in the present study by observing the behaviour of these enzymes and of the esterases in many different fractions of the crude A. oryzae material. If a given enzyme component was present it occupied exactly the same position on the chromatogram whatever the preparation studied. This contrasts with the results of Cabib and of Giri et al. Again no more than a tentative explanation can be given-that the proteins excreted by A. oryzae as exo-enzymes are so similar that they do not react together in the way that the dissimilar proteins present in tissue extracts or serum might be expected to do. "a-Amylase" Same source as fJ-amylase Analytical malt diastase "Amylase" Human saliva Amylopsin ..
"Diastase"
Taka-diastase
Mould enzyme
Appearance Mter Solvent Front has Travelled 20 cm. Spot at ±0'5 cm.; short forward trail Spot at ±0'5 cm.; short forward trail; well-defined spot at 14·5-16 cm. Streak -0·5-2 cm.; streak 3-8· 5 cm.; well-defined spot at 14,5-16 cm. Spot ±O· 5 cm.; long forward trail to 9 cm.; second major spot 12-15 cm. Spot at ±0'5 cm. Spot at ±0·5 cm. Spot ±O· 5 cm.; short forward trail Spot at ±0'5 cm.; streak 2-10·5 cm., spot 12-14 cm. Spot at ±1 cm., streak 2-12 cm., spot 12·5-13·5 cm., spot 14-16 cm. ±I cm., 3·5-10·5 cm., 10,5-12 cm. Single spot 15-17' 5 Single spot 15·5-17·5 Spot ±0'5 cm., trail, streak 9·5-17·5 cm., spot 18-20 cm. Spot ±0'5 cm., streak 0,5-18 cm., spot 19-20 cm. 0-2,3'5-9, Trail, [13] [14] [15] [16] [16] [17] [18] [19] [19] [20] [21] [22] (b) The Nature of Multiple Components Almost all applications of the techniques of filter-paper chromatography and filter-paper electrophoresis to the study of naturally occurring enzymes have so far agreed in finding that many of the enzymes are multi-component systems. These components may be pre-existent separate enzymes or artifacts of the separation process. Gillespie, Jermyn, and Woods (1952) and Jermyn (1952b) have shown that the components present in A. oryzae ,B-glucosidase and horseradish peroxidase as revealed by paper chromatography cannot be artifacts and Gillespie and Woods (1953) have shown that it is possible to separate the multiple components revealed by paper electrophoresis in a number of A. oryzae enzymes. et al. (1952) believe that the two alkaline phosphatases of acetonetreated kidney are quite independent enzymes. Cabib (1951) observed two zones of invertase activity without being able to show that they correspond to enzymes of different properties. Reid (1950 Reid ( , 1951 observed multiple zones of enzyme activity but could also advance no evidence as to whether he was dealing with multiple enzyme systems.
The following criteria are suggested for establishing that observed components are not artifacts. They must (i) be mobile under some conditions, (ii) appear independently of other proteins present as "impurities," (iii) show no signs of being interconvertible, and should preferably (iv) have distinguishably different properties and (v) be separable by some process of fractionation. In terms of these criteria only the two p-nitrophenyl-,B-glucosidases (Jermyn 19.52b, 1952c) and two of the proteases (Woods and Gillespie 1953) of A. oryzae have been shown to have an independent existence by using these techniques.
Where multiple components exist in one batch of the enzyme material and not in another, it also seems probable that they must have an independent existence. This is true for the A. oryzae phosphatases. After development using pH 5.0 acetate buffer and 40 per cent. acetone only a single phosphatase (pH optimum c. 5.0, but sufficiently active at pH 8.0 to l)e an "alkaline phosphatase") is visible in the batch used in this series of experiments, where three were visible in the batch used by Gillespie, Jermyn, and Woods (1952) . Of these three, the most mobile corresponds exactly with the single acid phosphatase spot detected in the present study.
How far the components observed by filter paper electrophoresis and chromatography are identical has still to be decided. The preliminary results of Gillespie, Jermyn, and Woods (1952) have now been sufficiently refined for trustworthy comparison of the two methods to be made. There is agreement on the number of proteases (two) and disagreement on the number of esterases (two by electrophoresis and three by chromatography) and p-nitrophenyl-,Bglucosidases (one by electrophoresis and two by chromatography). In other cases, such as amylase and salicinase, there is agreement on the multi-component nature of the enzyme, but the evidence from chromatographic experiments is not sufficiently precise to say whether there is agreement on the number of these components. It is evident that enzyme proteins with similar properties as judged by filter-paper electrophoresis may have dissimilar properties when judged by chromatography. The reverse case has not so far been demonstrated with certainty, but the six amylases that appear on electrophoresis have not been found in the chromatography experiments.
